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| MPROVED ST. CLATR RIVER DYNAMIC vrovy MODELS ANT COMPARISON ANALYSIS

Jan A. Dereckl and Raynond N. kelley

The St. dair River dynamc flow nodels, modifiec to provide
better channel definition, to include additional discharge wesasire-
ments for nodel calibration, and to incorporate wind stress effects
on river flows, are described and compared for daily flow differen-
ces resulting from channel definition improvements, wind effects,
tinme scale effects, and a conbination of these faztors. Al the
St. Cair Rver nodels are derived for tke upper river channel,
spanni ng approximately one-third of the river. Mdel 1, with the
steepest river slope, is for the headwaters (upper) reach; Model 2
overl aps nost of the same reach, but starts farther down the river:
finally, Mdel 3, with reduced slope, covers the lower reach.

Model inprovenents due to additional neasurenents and better chan-
nel definition produced somewhat higher river flows, averaging 3
percent and 4 percent for the upper and |ower nodels, respectively.
The effects of wind stress and the selection of daily or hourly
computational tine scales are generally insignificant, wth highest
effects for the |ower nodel, where wind produced a small increase
(1 percent) in the nunber of days with significant fiow differen-
ces. This difference is defined as a flow difference in excess of
2 percent of the total flow, which represents practical accuvacy
for flow nmeasurenents. The largest flow differences are obtained
from conparisons of different nodels, with only a small influence
exerted by various nodel configurations (wind, time scaiz). The
nunber of days with significant flow differences for all com

pari sons between various nbdels was 45 percent, varyingbeiween 54
percent, 48 percent, and 35 percent for Mdels 1 -2, i - 3, and

2 - 3, respectively. These |arge percentages of days with signifi-
cant flow differences are reduced drastically for higher percent
flow differences (lo-percent average at the S-percent |evel) ard
are caused to a large extent by ice effects during wnter.

CGeneral ly, the accuracy of various nodels is conmpatible within 5
percent of flow for the open-water season, but nmay exceed 15 per-
cent of flow for the ice-cover season because of ice effacts.

Model 1, with the upper gage nearly on the |ake and the steepest
river slope, is less susceptible to ice effects and is considered
nore accurate for the ice-cover season than the other two nodels,
which are progressively nore susceptible to ice effects.

*GLERL Contribution No. 260.



1. I NTRODUCTI ON

The Detroit and St. Cair River dynamc flow nodels have been used for
computing flows in the two rivers on various time scales for a nunber of
years. These nodels, which disregard wind stress effects, are described by
Quinn and Hagman (1977), but until recently, detailed conparisons of flows
obtained for each river with different nodels had not been presented. A
comparison for the Detroit River that analyzes flow differences due to
hourly and daily conputational time scales (intervals) and to wind
ystress effect nodifications on both time scales is presented by Quinn
(1980a)y. The wind stress effects are also described by Quinn (1380b). In
the present study, there is a simlar conparison for the St. Cair R ver
flows, but in addition the St. Cair River nodels have been nodified and
recalibrated to provide better channel definition (inproved resolution) and
to include additional discharge neasurenents (1973 and 1977) that were not
avai lable during initial calibration. For conparison purposes, the inproved
model s are designated as NEW while previous nodels are designated as OLD
The flow conparison analysis is intended to serve as a guideline for the
proper selection anong the available nodels, with different configurations
(wind, tinme scale) for specific applications.

2. PROCEDURE
The existing St. Cair River transient nodels (Quinn and Hagman, 1977)
include conpl ete one-dinmensional equations of continuity and notion, but

neglect the effects of wind stress and ice. The equations of continuity and
motion are expressed in terns of flow and stage

22 , 1 _ g 1)

and

> =

2 2
M. , QT3 Q° T, 3Z g n“qlq]
2 8208 (g R Ty 92y 0, (2)
ot A2 & 2.208 aZ j%/3 =

wher e:

flow rate,

stage above a fixed datum

distance in the positive flow direction,
tine,

channel cross-sectional area,

water surface at top width of the channel
accel eration due to gravity,

hydraulic radius, and

Manni ng' s roughness coefficient.

8 e 4>~ XNO
o oo n



Modification for the wind stress effects was made using the common drag
coefficient approach, follow ng Quinn (1980b), by including the surface w nd
stressterm in equation (2) for nonmentum as follows:

T = Pa Cp U2 (3)
and
2 2
10 _,0T%, - 1,82, gn qQqf
A bt A2 d Aﬁ oX™ 5 5pg A2 R4/3
—%Uz cos(o - a) | cos(e - a) |c, T =0, (4)
A
wher e:

surface wind stress term

air density (1.25 x 103 am rr'3)‘
drag coefficient (1.2 x 1073),
wind velocity,

water density (1.0 x 100 gnm™
channel azinuth, and

wi nd direction.

3

b ]
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The value of the drag coefficient (CD = 1.2 x 1073) used in the wind
stress calcul ations was determined during the International Field Year for
the Great Lakes (IFYGL) investigations (Holland et «l., 1981). The St.
Clair River channel azimuths (¢) were determ ned for the md-channel at
various sections, generally following the United States-Canadian inter-
national boundary. The OLD St. Clair River flow nodels were conposed of two
equi val ent channels, with three sections (two end sections and a nid-section

used primarily for checking conputed stages and flows). In the NEW nodels,
with inproved resolution, the nunber of sections was increased for better
definition of the river channel. These new sections, W th gage |ocations,

hydraul i ¢ paraneters, and channel azinmuths, are listed in table 1. The wind
data used in the analysis are the instantaneous hourly and resultant daily
wi nd speeds and directions neasured at the Sarnia Airport, Ont., for a l-yr
period (1977). Initially, 2 yr of data (1977-78) were tested, but the Fort
Gatiot gage malfunctioned frequently during 1978 and so data for the second
year had to be elimnated. The flow rates used in this study are those com
puted at the Muth of Black River gage section, which for nost nodels repre-
sents the nmid-section.




TABLEL.--St.Clair River hydrualie parameters

Cage location station Wdth Length Azimuth Reference Base area
(ft) (ft) (ft) (%) el evation (£t2)
| GLD (1955)"
Povi fOratier (OTDY 207,972 1,200 30 576.7 57,500
207, 640 1,320 330 30 576.5 45, 800
oy ne Paper 267,090 1,000 550 30 576. 4 40, 800
206, 790 1, 000 300 30 576. 4 33,100
206, 350 1, 000 440 30 576. 3 35, 000
206, 030 920 320 30 576. 3 34,700
205, 320 880 710 30 576.1 28, 800
205,030 940 290 3 576.1 32,100
204, 600 1, 000 430 3 576.1 33, 400
204, 280 1,220 320 3 576. 1 44,000
203, 970 1, 360 3113 3 576. 1 49, 700
202, 920 1, 480 1, 050 3 576. 1 55, 200
20z,570 1,520 350 161 576.1 65, 600
202, 140 1,480 430 161 576.1 64, 900
200, 840 1, 400 1, 300 161 576.0 48, 200
200, 530 1,320 310 161 576.0 47, 300
199, 520 1, 360 1,010 143 575.9 53, 100
199, 240 1, 360 280 143 575.9 50, 200
197,790 1,620 1, 450 143 575. 8 49, 300
Vbuth of Bl ack 196,410 2,590 1,380 14 575.8 67, 800
River 195, 410 2,630 1, 000 14 575.8 76, 000
193,480 2,500 1,930 14 575.7 76, 000
190, 400 1,840 3,080 31 575.7 50, 700
Dry bock 182, 480 2,180 7,920 44 575.4 58, 800
170, 920 1,890 11,560 14 575.1 57,100
Marysville 166, 980 2,250 3,940 14 574.9 68, 400
166,480 2,400 500 18 574.9 68, 300
165,930 2,630 550 18 574.9 64, 400
163, 380 3,490 2,550 la 574.9 70, 700
162,810 3,290 570 18 574.9 71, 600
161,350 2,660 1,460 18 574.8 64, 300
155,470 2,640 5, 880 177 574.7 62, 600
151,480 3,120 3,990 177 574.7 75, 600
148,430 2,420 3,050 10 574.5 65, 900
145, 980 1,840 2,450 10 574. 4 54, 600
144,970 1, 960 1,010 10 574. 4 61, 500
St. dair (OLD) 135,330 3,080 9, 640 8 574.2 77, 800
134,290 2,760 1, 040 8 574.1 65, 600
St. dair (NEW 132,270 2,280 2,020 8 574.1 66, 300

*IGLD-~International Great Lakes Datum Data in this table are listed in
English units since all computations are done in English units and the
final results listed in either English or Sl system
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The various NEWand OLD St. Clair River nodels were run on both daily
and hourly time scales for the whole year, and the resulting average daily
flows were used in the conparison analysis. The NEWnodels were run both
with and without the wind stress option. For this study, significant dif-
ferences in flows are assumed when the average daily flow differences pe-
tween two nodel s or configurations are in excess of 2 percent, which repre-
sents the practical limt of accuracy for flow measurenents. The compari scu
anal ysis was conducted for a total of five nodels, consisting of three
avai |l able NEW nodels and two corresponding OLD nodels, all of which are
listed below Each nodel is designated by the upper, middle, and |ower
gages enconpassing the upper and |ower reaches of the nodels. These gages
are as follows: Fort Gatiot (FG, Dunn Paper (bP), Mouth of Black River
(MBR), Dry Dock (DD), and St. dair (SQO.

NEW MODELS: 1. FG MBR-DD

2. DP-MBR-DD
3. MBR-DD-SC
O.D MCODELS: 1. FG MBR-DD
3. MBR-DD-SC
3. RESULTS

3.1 Model Calibration

Calibration of the nodels consisted of conputing the roughness
coefficient, the unknown in the flow equation during periods of flow
measurenents, for each reach in the river representing upper and | ower model
reaches bounded by water |evel gages. The roughness coefficients for 14
sets of flow measurements conducted by the Corps of Engineers during 1359-/7
were determined from Manning's formla

_ 1.486 A &Y’ (2. % . & m )1/2, 5
0 \ L 32.2 L A

wher e:

Manni ng' s roughness coefficient,
nmean channel area,
hydraul i ¢ radi us,
flow rate,
wat er surface at the upstream gage,
water surface at the downstream gage,
= change in channel area from upstream
to downstream gage, and
L = length of channel reach between upstream
and downstream gages.

g e o> B



The relationships between conputed roughness coefficients for channel
reaches along the upper St. Cair River and the river stages at adjacent
wat er |evel gages for the FGMBR DP-NBR MBR-DD, and DD-SC reaches are
shown in figures | -4, respectively. From the relationships conputed for
the i ndivi dual sets of discharge neasurenents, a conmon best-fit rel a-
tionship was derived for each reach by regression analysis (least squares)
or graphic plots (neans), as shown in the figures. Some points were omtted
in this derivation to elininate possible gage errors or questionable
measured flow values. The downstream reach (DD-SC) was affected by reginen
changes between 1959 and 1963, when the shipping |ane was dredged for navi-
gational inprovements. For this reach, a separate best-fit roughness
coefficient was derived for each reginme, representing pre-project con-
ditions (through 1963) and current conditions (starting in 1964). The
calibrated roughness coefficients for the four reaches are summarized in
table 2.

The Fort Gatiot and St. Clair water level gages were noved in 1970,
with apparent unconpensated hydraulic effects. Athough an effort was nade
to neasure any vertical change in the gage levels, there was a change in the
apparent hydraulic regime because of the change in location and because of a
difference in the river velocity at the new gage locations (Quinn, 1976).
From a conparison study, Quinn found that water levels from the new Fort
Gatiot gage should be reduced by 0.055 m (0.18 ft) and that water levels
fromthe new St. dair gage should be increased by 0.027 m (0.09 ft) to
agree with the nmeasurements taken prior to 1970. In the original transient
model study (Quinn and Hagman, 1977), all the hydraulic conputations of
di scharge equations and nodel calibrations were based on the original gage
| ocati ons. In the present study, the hydraulic conmputations are based on a
new St. Clair gage location, with the effect of this change on nodel deriva-
tion (Mddel 3) indicated in table 1. The original Fort Gatiot gage |oca-
tion was retained in the conputations because the new gage displayed periods
of erratic operations (which becane quite frequent during 1978) and stopped
operating conpletely during 1979.

3.2.  Conputer Prograns

The revised St. Cair River nmodels use water level and wind data from
conputer disk pack files. Two generalized versions for the daily and hourly
nodel s, respectively, were prepared and stored in the conputer files, with
options for various model versions (Mdel 1, 2, or 3), which can be operated
either with or without wind input. The nodels, operated on hourly or daily
conputational time scales, also |ist average values for daily or nonthly
intervals, respectively. A seldom used nonthly conputational time scale for
the nmonthly output option of the original nodels was elimnated. Al basic
data, data input, and hydraulic conputations are in English units; the final
results can be listed in either English or SI systens. The generalized
daily St. Cair Rver dynamic flow nodel is listed in appendix A (figure
A-44), and an exanple of the output is shown (table A-9).



581—
73

580 |
~ 77
Q L
= i 58
o 578 Disregarded
G
i
W 577 |~
Q
o
=
[92]
- 578

64
575 —
n=0.0003506 (FG)—0.17218
| I l | |
574 028 029 030 .031 032
Roughness Coefficient (n)

FIGURE |.--Manning's roughness coefficient

for the Fort Gatiot-Muth Of Black River
reach.

581 —
e73

580 —
o 579
@
% 77e ¢ 68
S 5781 e68
€
> 82 62
]
= 5771 608
: 59
> 66e °9
n 63
[95] — ]

576 Disregarded e64

64
575—
n=0.0002297 (DP)~-0.10278

.028 029 030 03t 032
Roughness Coefficient (n)

FIGURE 2.--Manning's roughness coefficient
for the Dunn raper-Mouth of Black River
reach.




- 73

580 e a73

579
S 57g|-
& ar? 2%
X
° 61
— ST e ll|62 *60
la]
£ 59 $/59
3 5761 0 66
= eG3
© eG4
@
g s o6t
2
@ ——n=0.0225

574

| | | |
573 oA 022 023 024

Roughness Coefficient (n)

FIGURE 3.--Manning's roughness coeffici ent

|
,025

for the Mouth of Biack River-Dry Dock

reach.

579

578

577

575

Stage at St. Clair (ft)

574

573

572

—n = 0.0240
73
o %el73 current
077 68
Disregarded ®e5a

b 6:.62

59| 62.
[ ]
66e 59 I
63e I
o564
|n=0.0252
o564

| Pre-Project

|
L1 L

.022 .023 024 025 026
Roughness Coefficient (n}

FIGURE 4.--Manning's roughness coeffi cient
for the Dry Dock-St. ciair reach.



TABLE Z.--St. Clair River Manning's roughness coefficients

Reach Roughness coefficient (n)

FG MBR n = 0.0003506 (FG - 0.17218

UP- MBR n = 0.0002297 (Dp) - 0.10278
MBR- DD n = 0.0225
DD-5C a) Current regime: a = 0.0240

(starting in 1964)

b) Pre-project regime: n = 0.0252
(through 1963)

3.3. Conparison of NEW and OLD Mbdels

The effects of nodel inprovements due to better resolution and addi-
tional flow neasurements for nodel calibration are analyzed from conparison
of daily flow differences, on both daily and hourly tine scales, between the
NEW and COLD nodels. Mddels 1 and 3, representing upper and |ower nodels,
respectively, are used in this conparison analysis, which excludes the wind
option since OLD nmodels do not have this capability. Al conparisons of
daily flow differences for each nodel configuration consist of histograms
and cunul ative frequency curves, which are designated (a) and (b), respec-
tively, in the flow conparison figures. These flow conparison figures
conprise 35 sets (a and b) of figures, which are placed on M CROFI CHE
attached to the report. Results for each major grouping of conparisons for
the percentage of days with significant flow differences, defined as flow
differences in excess of 2 percent of total flow along with other
designated percentages, are summarized in the acconmpanying tables. The 2
percent of flow value represents accuracy of flow neasurements and indicates
a practical zero difference for flow conputations. During the period of
study (1977}, several water |evel gages had periods of missing data. Al
days with 6 or nore hours of missing data for a particular mdel flow com
putation (upper and |ower gages) were elinminated from the conparison of
daily flow differences. The 6-hr restriction was sel ected froma conparison
anal ysis, which showed that generally no additional accuracy in daily flows
was obtained with nore severe restrictions.



The effects of nodel inprovenents are shown in figures M5 to M8 and
summarized in table 3. The NEW nodels produced sonewhat higher flows,
averaging about 3 percent for Mdel 1 and 4 percent for Mdel 3. These flow
differences are quite consistent with relatively small scatter varying in
range from 30 to 100 m? s-1 of flow differences, which represent from |ess
than 1 percent to 2 percent of the average flow (part a of figures M5
to M8). Wth the offsets for flow increments, the histograms indicate
reasonably close approximation of normal distribution for Mdel 1 but a
positively skewed distribution for Mdel 3. This inplies that flow dif-
ferences from Mddel 3 are not random which is contrary to what mght be
expected from normal natural phenonena. Al flow differences between NEW
and OLD nodels are significant, exceeding 2 percent of flow, but the fre-
quency of occurrence is reduced drastically for flow differences in excess
of slightly higher percentages of flow. The flow differences are elimnated
at the 4-percent level in Mdel 1 and at the 5-percent level in Mdel 3
(part b of figures M5 to M8 and table 3). The use of daily or hourly tine
scales had little effect in Mdel 1, but a large effect in Mdel 3, where
the flow differences are nore persistent and the daily conputational incre-
ments indicate considerable |oss of accuracy (table 3).

TABLE 3.--Conparison of daily flows conputed by NEWand OLD
nodels:  NEW- QLD

Model Time scale Percent of days with flow
differences in excess of:
2% 3% 4% 5%
1 Dai | y 100 39 0 0
1 Hour | y 100 41 0 0
3 Daily 100 100 100 0
3 Hour |y 100 100 15 0
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Addi tional examination of conputed flows permts further evaluation of
flow differences and indicates the reasons for their variation. Conparison
of the average annual flows shows generally good agreement between NEW
nodels, with nearly identical values fromboth time scales for each nodel.
The agreenent of average flows from the OLD nodels is |ess accurate. Both
time scales produced lower (3 percent) but sinmlar average flows in the OLD
Mdel 1, while Mdel 3 daily conputations produced about a |-percent |ower
average value than hourly conputations and the two values are Z-percent and
| -percent |ower, respectively, than in Mdel 1. The conbined effect of
these differences is to produce flow differences between NEWand OLD modeis
that attain 3 percent of average flow for Mdel 1, with both tine scales,
and average about 4 percent for Mdel 3, wth nearly |-percent negative dif-
ference between the hourly and daily time scales. Recalibration of NEW
nodel s produced results that are verified between both the nodels and thke
time scales, while OLD nodels produce significant flow differences between
the nodels and a small tine scale difference in Mdel 3. It appears that
OLD Model 3 was undercalibrated, producing lower flows. The use of daily
time scales in Mdel 3, spanning a reach of reduced river velocities, pro-
duced additional loss of accuracy in the OLD nodel, but elinmnated it in the
NEW nodel .

Past flow conparisons between different nodels (Derecki, 1978) show that
the biggest flow differences normally occur during w nter because of ice-
cover and related backwater effects. Concentrated ice cover nornally forms
in the lower reaches of the St. Clair River, nodifies the normal river pro-
file with progressively decreasing effect upstream and affects flow com
putations based on the normal river profile. The upper river reaches,
havi ng steeper slopes and being farther renoved from ice concentrations, are
| ess susceptible to ice-cover effects, and the upper nodels are considered
to be nore accurate during winter. This analogy also holds for the present
compari son of different nodels, discussed in detail in the l[ast section.

The above anal ogy does not hold for the conparison of the sane nmbdels with
different configurations, because individual nodels are affected simlarly
by the ice effects regardless of configuration.

3.4, Wnd Stress Effects

The effects of wind stress on daily flow conputations with both daily
and hourly time scales are analyzed from the conparison of individual NEW
nodel s (1-3), shown in figures MV to M14 and sunmarized in table 4. The
i mpact of the wind stress termon daily flows is insignificant in Mdels 1
and 2, representing the upper reach of the river, but exerts a small
influence in Mddel 3 for the lower reach. The resultant wind direction for
the year (1977) was fromthe WBW (250°) and is aligned similarly with the
general orientation of both reaches, which have an overall flow direction of
15°, varying from NNE to SSW However, the lower reach is relatively
straight, twce as long, and has reduced water velocities, allowing wnd for-
ces to exert nore influence. The opposing directions of resultant wind and
river flow (125°) tend to retard the flow, as indicated by a slight negative
bias of the histograns. Since stronger winds are nornally of short dura-
tion, nodels with hourly tinme scales also show slightly larger wind effects.

11



TABLE 4.-—-Comparisonofwi nd stress effects on daily flow
computations: Wimd-no wind

Model Time scale Percent of days with flow
di fferences in excess of 2%

NEW 1 Dai | y 0
1 Hour | y 0
2 Dai |y 0
2 Hour |y 0
3 Dai |y !
3 Hour | y 1

In Mbdels 1 and 2 alnost all flow differences are within + 50 =3 1 and al |
within + 100 m s-| , and all are below the 2-percent significant flow dif-
ference-(figures M9 to M12). In Mdel 3 the range of flow differences is
twice as large, but nearly all flow differences are within 2 percent and all
within 4 percent of the average flow (figures M 13 to M14). The percentage
of days with significant flow differences in Mdel 3 is 1 percent for both
tine scales (table 4). Generally, the wind stress term can be disregarded
in computing daily flows with only slight overestimation of flow However,
wind effects may be significant during shorter periods and should be con-
sidered for hourly fluctuations of flow

3.5. Time Scale Effects

The effects of daily and hourly conputational time increments on daily
flows were assessed by comparing flow differences between the two tine
scal es obtained with various individual nodels. In the NEW nodels, both with
and wi thout wi nd configurations were used in this conparison, which is shown
in figures M15 to M22 and sumarized in table 5. The results are generally
simlar to those described for the wind stress effects, except that nost
hi stograns show a slight positive bias, which neans that flows conmputed wth
the daily tine scales are slightly higher. An exception to the above is the
OLD Model 3 (figure M-22a}, which shows a negative offset of about 40 o s~1
in the distribution of flow differences. This amounts to nearly 1 percent
of the average flow and indicates slightly lower flows for the daily tinme
scale. It also agrees with results discussed previously in section 3.3.

12



TABLE 5. -- Conparison Of daily and hourly tine scales on
daily flow conputations: Daily - hourly

Model Configuration Percent of days with flow
differences in excess of 2%

NEW 1 No w nd 0
1 W nd 0
2 No wi nd 0
2 Wind 0
3 No wi nd 0
3 W nd 1
aD 1 No wi nd 0
3 No wi nd 0

Mst flow differences for various runs are confined within the range of
+ 50 m3 s~} and nearly all within_+ 100 m3 s~L or below the 2-percent signi-
ficant flow difference. Al models with the wind option are a little more
sensitive to the time scale selection, showing a slightly increased range of
flow differences, but only Mddel 3 indicates a significant increase in the
nunber of flow differences in excess of 2 percent of average flow, with 1
percent (table 5). Thus, the St. Cair River flows for daily or |onger
periods can be computed by disregarding wind stress and using daily tine
scales, with only slight overestimation of the river discharge. Conparison
results for this and the preceding section also show, that during nore inten-

sive short-period flow fluctuations, the effects of wind stress nmay be signi-

ficant and should be consi dered.

3.6. Effect of Daily Wnds on Hourly Mdels

The U.S. National Wather Service short-period wind data are nornally
stored for synoptic hours, at 3-hr intervals; hourly wind data are generally
not available. In the present study, the Canadian hourly wi nd data were
used, which permtted matching of the tinme scales between the nodels and
wi nd data. However, one of the questions raised when nodifying the nodels
for the surface wind stress was the effect of different time scales on flow
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conputations. This effect was evaluated with resultant daily winds used in
hourly nodels. Conparisons of daily flow differences conputed with hourly
model s containing daily and hourly wind configurations are shown in figures
M 23 to M-25 and sunmarized in table 6. The results show no significant
differences or loss of accuracy in daily flow conputations, but this com
parison is mainly academ ¢ since neither wind nor tine scales were very
significant for daily flows.

3.7. Conmparison of Different Mbdels

Conparison of daily flows obtained with different mpdels under various
configurations is shown in figures M26 to M39 and sunmmarized in table 7.
The results show that daily flow differences between different nodels are
much greater than any variations between the individual nodels, with only
smal | influence exerted by various nodel configurations. The range of flow
differences between different nmodels is about 10 times greater than for the
i ndi vidual nodels. The extreme flow differences exceed + 1,000 m’ s-1 or
about 20 percent of the average flow between Mdel 1 and-the other two
model s, but are reduced in half to about + 500 m> s or 10 percent of the
average flow between Mdels 2 and 3. All-histograns show reasonably close
approxi mations of normal distribution, with a slight negative bias between
Mdels 1 and 2 (figures M26 to M29), very little if any bias between
Mdels 1 and 3 (figures M30 to M-33a), and a slight positive bias with a
reduced range of flow differences between Mdels 2 and 3 (figures M34 to
M-37a). The histograms for flow differences between the OLD Mddels 1 and 3
(part a of figures M38 to M39) also indicate some positive bias for the
daily time scale, but the OLD Mydel 3 was shown previously to underestinate
the flows, with larger underestimates at this tine scale.

TABLE 6.--Comparison Of daily flows conmputed with hourly nodels
using daily and hourly winds: Daily - hourly

Model Configuration Percent of days with flows

differences in excess of 2%

NEW 1 Hourly model, daily and hourly winds 0
2 Hourly model, daily and hourly winds 0
3 Hourly nodel, daily and hourly w nds 0

14



TABLE 7.--Comparison Of daily flows conputed with different
model s and configurations

Model Configuration Percent of days with flow
di fferences in excess of:
2% 5% 10% 15%

NEW 1 - 2 Daily, no wind 54 23 5 3
| -2 Daily, wind 54 23 5 3
| - 2 Hourly, no wi nd 54 22 6 3
| - 2 Hourly, wi nd 53 22 6 3
| - 3 Daily, no wind 48 26 9 3
| - 3 Daily, wnd 47 24 9 3
| - 3 Hourly, no wind 50 24 9 3
| - 3 Hourly, wind 47 24 9 3
2-3 Daily, no wind 35 5 1 0
2-3 Dai ly, wind 35 5 1 0
2-3 Hourly, no wi nd 36 5 1 0
2-3 Hourly, wind 38 5 1 0
ab1-3 Daily, no wind 57 23 7 3
1-3 Hourly, no wind 49 22 7 2

Because of the large flow differences between different nodels, an unac-
ceptably high percentage of days (46 percent) exceeded the 2-percent signi-
ficant flow difference, as shown in the cumulative frequency curves and the
summary table. Approxinmately one-quarter of the days could be attributed to
winter season and related ice effects, while nearly one-half of the days for
the conbined conparison of all npdels exceeded the significant flow dif-
ference.  The highest nunber of days with flow differencés in excess of 2
percent of average flow was between Mdel 1 and 2, with 54 percent, followed
closely by those between Mdel 1 and 3, with 48 percent, while the |owest
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percentage was between Mdels 2 and 3, with 36 percent. These high frequen-
cies of occurrence in the flow differences are reduced drastically for

hi gher specified percentages of flow, but are not elimnated entirely even
at the 15-percent level for conparisons involving Mdel 1 (3 percent), and
the | o-percent |evel between Mdels 2 and 3 (1 percent). Wthout Mdel 1,
the conparability between Mdels 2 and 3 is nuch better, attaining sinmlar
accuracy at about a 5-percent |ower |evel of average flow.

The high frequency of significant flow differences is also drastically
reduced for longer time periods, such as weekly or nonthly flows, but the
above conparisons indicate generally poor results from the nodels for com
puting daily flows, especially with Mdel 1. This contradicts previous
evaluation results for the relative nodel accuracy, as well as past flow
conparison studies (Derecki, 1978). Additional evaluation of monthly flows
shows a greatly reduced frequency of larger differences than is indicated by
the conbined annual conparison of daily flows. Mst nonthly flows obtained
with different nodels agree within 2 percent and the flow differences are
frequently smaller than 1 percent. Larger flow differences are nornally
restricted to winter nonths. The conparison showed that all nonthly flow
differences during winter between the upper and |ower nodels, sequentially,
are negative and indicate ice effects. The larger flow differences are
between Mddel 1 and the other nodels because the Fort Gatiot gage, |ocated
at the confluence of Lake Huron and the St. Cair River, is basically unaf-
fected by ice conditions downstream while all other river gages are. Wth
the reduced river fall because of ice effects, Mdel 1 produces |ower flows,
while in other nodels the reduced river fall is counterbal anced by raised
water |levels at the gages involved. This shows that only Mdel 1 substan-
tially elimnates the ice effects, and thus it is nore accurate during
Wi nter.

Verification of ice effects during winter is provided by figures 40-42,
whi ch show daily water level differences or river falls for the upper and
| ower reaches of each nodel. The figures also show periods of mssing gage
data, with days of records either conpletely nissing or elinnated by the
6-hr restriction. The figures clearly show that ice affected the nornal
river profile and consequently river flow throughout January, February, and
December, although nearly all Decenber data for Mdel 1 (Fort Gatiot) were
mssing. The nissing data periods elininated approxi mately 50 days from the
daily flow conparisons between Mdel 1 and the other two nodels, and about a
month between Models 2 and 3. Another feature shown by the figures is the
periods of large fluctuations fromthe normal river profile during the open—
water season, with contradicting trends (up or down) indicated by the two
reaches conprising the nodel. These periods occurring during July, August,
and Novenber in the FG MBR reach of Mdel 1 (figure 40) and a few days in
July for the DP-MBR reach of Mdel 2 (figure 41) were identified as artifi-
cial fluctuations caused by the Fort Gatiot and Dunn Paper gage malfunc-
tions. Another indication of the Fort Gatiot gage malfunctions is the
daily water level differences between the Lake Huron gage at Lakeport and
the Fort Gratiot gage (figure 43). A comparison of figures 40 and 43 shows
that the fluctuations during July, August, and Novenber have exactly oppo-
site trends and nust be caused artificially by the Fort Gatiot gage
mal f uncti ons. Figure 43 also shows that Fort Gratiot is not affected by ice
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conditions in the river. In contrast to these gage malfunctions, the
natural variations in the river profile, such as those caused by ice effects
during winter or winds, as in November for Mdels 2 and 3 (figures 41 and
42), show a simlar trend in the fluctuations for both nodel reaches. The
Fort Gratiot gage malfunctions during the 3 nonths elininated an additional
period of about a month from a valid comparison of daily flows involving
Mbdel 1. In the other two nodels, only a few additional days were elinmi-
nat ed.

The seasonal breakdown of daily flow differences between various nodels
is indicated in table 8, which shows a conparison between annual, w nter,
and open-water seasons for the daily tinme scale and no w nd configuration.
This, the nost basic configuration, was selected for the conparison since
various configurations had little effect on daily flow conputations. The
table shows that there is practically no difference between the annual and
seasonal values for Mdels 2 and 3, indicating that these nodels are not
very sensitive to ice effects. In contrast, the flow differences between
Mdel 1 and the other models show a very large ice effect during winter,
verifying river conditions indicated in figures 40-42. The largest wnter
flow differences are between Mdels 1 and 3, indicating that Mdel 2 is a
little nore sensitive to ice effects than Mdel 3, but only Mdel 1 substan-
tially elimnates ice effects. It is, therefore, essential that the Fort
Gratiot gage be nmintained in proper operating condition and Mdel 1 be
avai |l able for winter flow conputations. During the open-water season, flow
differences between Mdel 1 and the other nodels are greatly reduced, and
conparabl e between all nodels when corrected for gage nalfunctions, pri-
marily at Fort Gratiot. The accuracy of all nodels for daily flow com
putations is adequate at the 5-percent level of average flow, where only 3-4
percent of the days exceed that flow during the open-water season. The indi-
cated large differences between the nodels are valid during the winter,
since Mddels 2 and 3 are not very sensitive to ice effects, while Mdel 1 is,
and thus is nore accurate during winter. However, all nodels are calibrated
for open-water conditions and require verification/recalibration for wnter
flows affected by ice, based on the actual river velocities.

4. CONCLUSI ONS

This report describes current nodifications for the St. Cair R ver
dynamic flow nodels and presents flow conparisons to assist potential users
in the selection of the proper nodel configuration for a particular applica-
tion. The three available nodels can be operated on hourly or daily tinme
scales, with and without surface wind stress effects. Generally, nost users
can be satisfied with daily nmodels without the wind option, since both w nd
and tinme scales have little effect on daily or longer-period flows. For
more intensive short-period flow fluctuations, hourly nmodels with the wind
option should be considered. During the open-water season, either of the
three nodels can give satisfactory results, with the accuracy of various
models within 5 percent for daily flows. During the winter, ice may affect
the accuracy of flow conputations and nodel differences nmay exceed 15 per-
cent of daily flow; Model 1 (FG-MBR-DD) for the upperriver reach is the
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TABLE 8.~-Seasonal conparison of daily flows conputed by
NEW nodel s with configurations: Daily, no wind

Seasonal Model Percent of days with flow
differences in excess of:

2% 5% 10%  15%

Annual | - 2 54 23 5 3
1-3 48 26 9 3
2-3 35 5 1 0
W nt er 1-2 95 66 10 5
1-3 100 82 30 7
2-3 39 7 0 0
Qpen- wat er 1 -2 45 14 4 2
1-3 37 13 4 2
2-3 34 4 1 0
Correct ed* 1-2 37 4 0 0
open- wat er 1-3 29 4 0 0
2-3 33 3 0 0

*Qpen-water correction based on elinination of isolated
periods with water |evel gage malfunctions.
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most suitable for elimnating ice effects, and it is therefore essential
that the Fort Gatiot gage be maintained in proper operating condition.
However, all nodels nmay contain some ice effect and should be recalibrated
when winter river velocity neasurenments are avail able.
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Appendi x A, GENERALIZED ST. CLAIR RI'VER DAILY FLOW MODEL, [NPUT, AND CUTPUT

iNruT: |, Tinme Scales--select generalized nodel with desired time scale.
A (SCRFLQH)--Hourly
B. (SCRFLO)--Daily;
[I. Options--specify nunbered options in indicated sequence (A-C):
A, Mdel Selection:
(1)~-Model 1, upper (Fc mBR-DD)
(2)--Mdel 2, mddle (DP-XBR-DD)
{(3)~-Model 3, |ower (mBR-DD- SC)
B. Wnd Options:
(0)--Wthout wind
(1)--Wth wind
C.  Qutput Units:
(0)--English

(I')--Metric (ST).
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TABLE A-9.--5t. Clair River daily model output for Model 7, with wind stress, nmetric, pzcember, 1978

HEAS, COMP W COMP , MEAS, comp , COMP, COMP,.  MEAS, (C=M) MEAS. (C=M) WIND WIND
DD MBR oP FG Do MBR FG MBR MEBR op opP YEL. DIR.

DAY MON LEVEL LEVEL LE “EL LEVEL FLOW FLOW FLOW CHECK DEV1 CHECK DEVZ2 KMH  DEG,
1 12 175.97 176.10 176.25 176.32 5867, 5867 5867. 176.10 a0 1764S2E =.67 1343 240,
z 12 175.99 176.11 176.27 176.34 5962 5963, 5965. 176. 09 eD3  1TE+92F =465 1645 3ol.
3 12 175489 175.99 176.12 176.17 5279. 527, . 527, . 176. 05 o006 17&6492F =~,80 16.7 141,
4 12 175.86 175.94 176. 04 176. 09 4745, 4745, 4744, 175. 96 ~a02 176492F =~.87 31. 4 235,
12 175.95 176.03 176.11 176.16 4495, 4498, 4501, 176.03 -e00 176452F =481 24.3 216

53 i2 175. 97 176 .08 176.21 176.27 5397 ., 5397 5398. 176£.08+ oL 1764928 =471 17,4 265.
7 12 175.92 176,05 176.20 176.27 5806, S804, 5803. 176. 02. 03 176.92F =.72 9.5 119.

8 2 175. 96 176.07 176.21 17&.,27 5576. 5578. 5579. 176. 06 «ef1 176492F =,71 Zl.6 321,
9 12 175.93 176.11 176 26 176433+ SB58 .« 58509. 586G, 176.48 of3 176492 =e6€ 26.6 285,
10 12 175. 98 17641t 176.26 176.33F 5916, 5916. 5915. 176. 07 «03 176492 =466 25.1 267.
11 12 175. 9, 176.07 176.24 176. 33’ 6405. 6403. 6403. 1764101 e 176492F =467 15. 197.
i2 12 17%.89 175.97 176 .80 176213+ 4890 . 4888, 4885. 175. 97 o0y 176 +92E -.B84 20." 208,
13 12 175. 97 176 .88 176.20 176.26 5419, 5424, 5927. 176. 04 eN3  1TEaS2E =472 31. 4 257.
4 12 175.93 178,04 176.17 176.24+ 5442, 5439. 5437. 176.02 W02 1764926 -.75  28.2  230.
15 12 175. 89 176. 00 176.12 176. 17 5222. 5221. 5220. 175. 97 «03 176452 =~e8BC 29.0 222.
i6 12 175.91 176.03 176.17 176.24 5698 . 5699. 5708+ 175.49 204 176,92 =,75 14. 8 201.
17 12 176. 00 175.12 17628 176,35 60¢1 . 6004. 6006, 176.05 ol 1Tb.B2E =.64 I0«6 280,
18 12 175.95 176. 00 176 2z 176431 5979. 5977. 5975. 176. 03 oi5 176421+ 02 9.2 336.
19 12 175489 176. 04 176.22 17&e31F 6446. 6445. 6445. 175. 40 «0F 176414 08 7.9 108.
ar 12 175.83 175.99 176.08 176.14 5445, 5443, 5440. 175.93 <01 176.06 b2 14.0 137.
21 12 1759¢ 176.00 176.12 176«18+ 5270. 5274. 5276 » 176.00 -+00 176.13 -+80 1043 275.
22 12 175. 86 175.96 176,07 176412« 5993, 9990. 4988, 175.97 -«02 176.10 -«D3 24.9 229.
23 12 175.92 176. 03 176. 16 176. 22 5470. 5474, 5476. 176. 03 «00 176418 ~eB2 11.1 213.
24 12 175. 83 175.94 176.07 176.14 5395, 5391. 5388« 175.94 -s00 176408 -o 00 12. 6 149,
25 12 175. 92 176. 02 176. 14 176. 20 5290. 5295. 8298 . 17603 -.01 176.17 o032 25.6 260.
26 12 175.92 174.04 176.18 176.25. 5647. 5646. 5646. 176. 04 ~«90 176.19 -+01 180 26 Te
27 12 175. 92 176. 05 176,15 176. 26. 5781 5781. 5781. 176. 05 «00  176.19 00 22.9 273.
28 12 175.91 176. 09 176. 20 176. 27 5974. 5973. 5973. 176. 03 e{ll 176418 02 S5¢0 234.
23 12 175. 00 175.92 176.07 176.13 5589. 5584. 5581. 175.9, «02 176.03 .03 21.6 124.
3! 12 175.80 175.90 176.01 176. 07 5048 5048. 5049. 175. 09 .00 176.03 ~e 2 18,2 159.
31 12 175. 92 176.01 176.12 176.17 4964 ., 4968 497, . 176. 03 -e22 176.18 -s0& 5.7 45,

AVE 175.9, 176. 03 176.16 176.23 5525. 5525. 5525. 176. 01 «71 176.56 -k )

NOTE: (*)--indicates partial records, with sone mssing data.
(E)--indicates estimates based on preceding periods for conpletely mi:sing data.
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99

PROGRAM SCRFLO  (INPUT4OUTPUT¢TAPESSINPUT$TAPEG=QUTPUT,
1 TAPE224TAPE 234 TAPE24 ¢ TAPE114TAPEL144TAFPELS)

UPPER ST. CLAIP RIVER UNSTEADY FLOY MODEL

FRANK H. QUINN PROGRAMMER

COMMON THOUR(24¢31)}«MEANI3I1)eMEM (MAXV (313 MAXD(31)

COMMON MINH{31)4MINDC(31)

COMMON MAXM(4) yMINM(4)sIC+IGEAGE +MONAA+IYRR

DIMENSION AA(IUU)!QBAS(IBO)QDATU(100)QAT(IUD)QX(IOO)QSTA(BQ)

DIMENSION WS(50s88)y Q{(55+80)2YVECT(160), XHTR!(1609166)

NIMENSION TC100)4ANC100)4AC100)4UC100) REL0C)IQACLI0D)

DIMENSION SUM(12)¢AVEC12) ¢ADJ(A) sUW(BOY9ALPHIED)

DIMENSION IGAGEC4)y ISETC(4)4AZ(100)4AZME100)

DIMENSION JIPAR(EG+31)+UWDIT730)4ALPHD(T730)

DIMENSION OLD(4)

DIMENSION BMTRX(160s5) XL C480)

DATA (STACI) 9I=1939)/13227049134290+913533049144970491459804,
1148430091514800915547069161350.91628104+163380041659306916648049
2166980e917092041824804+190400+9193480e91954104+919641 00y
3197790419928 064199520,42005304+2008404+20214044202570492029204,
A2039T 0092 "828009208600092050300920532Ne9206020042063520920679C0s
5207090as2076404e20797 0/

DATA (ABAS(I)eI=1¢39)/66300e965600.477800e961500¢9546004+659"044
1756009626 000a966300e9 716000470700 ,,64400e068300e9b68400e957100400
25880 0esS50T00 47600069 76000e46780009493000,
350200.953100-g47300-q48200-064909-’656C30’55200-,497900044000c|
433400-132109-s28800-q34700.135509.|33100.;40800--45803..57505.I

DATA (DATUCI) ¢1=1939)/5744109574.1045T7442045744404574.409574.50
1574.70.574.70-574.801574-901574-90.574.90;574.909574.90v575.1Uv
2575 . A09575e7 095757095 754809575.80457580¢
3575,99.575.909576.001576.000576-1&.576.101576.13;576.109576.100
4576.10.576.1O.576.109576.39.576-399576-40;576.460576.599576.791

DATA (AT{I)9I1=19439)/2280.+2760e930804931960,¢18404+24200931204
126#309266009329{}-'3490092630-'24000!2250.11890.l218°0!18400'25000!
22630092590t116200’13600'1360o9132°001400.'1480-11520-!1480-11360-!
31220.91009.9940-q880-1920.,1008-,1000.|100000132Eog1800-/

DATA (AZ(I1)¢1=1939)/3%8433%10492*17Tee5*18 092%18a388 49312932104,
132143098 n161 952309 7*30./

DATA IGES/HEST #/

DATA IBLANK |# t/

DATA 1AST = 3/

READ BEGINNING YEAR AND MONTH; ENDING YEAR AND MONTH: MODEL »
WIND AND METRIC OPTIONS® 715 FORMAT.

READ (S5¢1001) IYRA9MONA9IYRBsMONBsMODEL +IWINDsMETRIC

IF (EOQOF(5)) 70,43

IF ¢IWINDSERO) GO TO 100

READ WINDS FROM DISC IN MPH AND DEGREES, 1977-1978.
IF (IYRA.EQ.1977.0R-IYRALEGe1878) G0 TO 99

IF (IYRB<EQ~1977.0R.IYRB.EQ1978) G0 TO 99

GO TO 100

REWIND 14

REWIND 15

READ (14+1017) (UMD (J) ¢J=14730)

READ (15y1018) CALPHD(J)¢J=19733)

178 CONTINUE

FIGURE A-44. --Ceneralized St. ¢lair River daily flow nodel
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101

111

102

112

SELECT AND SET PARAMETERS FOR INDIVIDUAL
GO TO (101,51024103)4MODEL

MODEL NO. 1« FG-DP-MBR-DO.
NRM=2Z

NRANZZ

NK 1=4

NK2=22

Al=0.

Bi=. 0225

A2=. 0003506
B2=~,17218
IGAGE{(1)=14n487
IGAGE(2)=14098
IGAGE(3)=1409¢0
IGAGE(4)=14096
OLNC1)=Kh79.53
OLD{(2)=580.92
OLDt3)=580.09
OLD(4)=580.44
i=16

DO 111 J=31+24
STACJI=STA(I)
ABASC(J)I=ABAS (I}
DATUCJ)=DATUCI)
ATCJI=ATL(I)
AZCJI=AZLT)
I=1+1

CONTINUE

GO TO 104

ROOEL NO. 2+ DP-MBR-DD,
NRM=21

NRAN=3

NK1z=4

NK2=0

Al=0.

Bl=.0225
A2=.0002297
B2=-410278
IGAGECLI)=14087
IGAGE(2)=140%9¢
IGAGE(3)=14090
DLD(1)=579.53
OLD(2)=580.44
oLD¢3I)=580.09
1=16

DO 112 J=1,22
STACJ)Y=STALI)
ABAS(J)Y=ABAS(I)
DATUCtJI=DATU(I)
ATCJI=ATC(I)
AZ2CJX=AZLT)
I=I+l

CONTINUE

GO TO 104

FIGURE A-44_--Continued.
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MODEL NO. 3¢ MER-DD-MV=SC.
103 NRM=18

NRAN=1S

NK1=14

NK2=16

A1=9.

Biz=.0240

AZ2=0.

B2= .0225

IGAGE(1)=14080

IGAGE(2)=14(9¢

IGAGE(3)=140R4

IGAGE(4)=14087

OLD(1)=578.50

OLD(2)=580.09

OLD(3)=579,.01

CLD(A¥=57F.53
104 CONTINUE

SET PARAYETERS COMMON TO ALL MODELS
L=NRAN+1
NMR=NRM+1
COMPUTE DISTANCES BETWEEN SECTIONS
DO 4 I=14NRM
J=1+1

4 XCTIY=STACJII=STAL(]D)

URITE BASIC DATA
WRITFE (643000)
URITE (63017}
URITE (6430210)
DO 41 TI=1e+NMR
WRITE (6¢3030) STACI)? sABASCI)Y ,DATUCI)$AT(I)
IF €(STA(I) £ Qe1322704) URITE (643028}
IF (STA(I)«EQel66980e) URITE (643029}
IF (STAC(T)aEQe182480+) WRITE (643031}
IF (STACI)«EQe1954104) URITE (643032}
IF (STACI)Y«ERe2070904) WRITE (£43033)
IF (STAC(I)EGQGe207970s) URITE (643034)

41 CONTINUE
URITE (6¢3035) A1+4S5TAC1)4B1
URITE (64303€) A2+STA(NMR) B2
IFIRST = ¢
ISETC1Y = 1
ISET(2) = NWR
ISET(3) = NMR+1
ISET(&)=NMR+2
ADJ(1)=0.
ADJ(2)=0.
ADJ(3)=0»
ADJ(4)=0.
NUR=MNMR+1
NURR=NMR+2
ISTART = 13
IEND = 43
MX=5
NX=6

FIGURE A-44_--Continued.
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2800

10

217

117

317

417

517
118

NVAR=NRM=2
ANC-24.

DO 2 I=1.12
SUM(I)=0.
KKZ=11
AN(D)= 0235
TH=.75S
TH1=,2%
MM=0

M=13

KA=24&

MON = MCNA
IYR = IYRA

COME HERE EACH MONTH
CONTINUE

PRINT TITLES AND HEADINGS
WRITEC NX+3000)
WRITECNX+1020)IYR

URITE € NX91021) ANCyNRM
IF (MODEL «E@+2) GO TO 117
IF (MODELEQ+3} GO TO 417
YRITE (6+1025)

URITE € NX91125)

IF (METRIC.EQel) GO TO 217
WRITEC NX91026)

Go TO 118

YRITE (651028)

GO TO 118

URITE (691225)

YRITE (6¢1226)

IF (METRIC.EQe1) GO TO 317
YRITE (6.1227)

GO TO 118

YRITE (641228)

GO TO 118

URITE (6+1025)

URITE (691326)

IF (METRIC.EQe1) GO TO 517
YRITE (641026)

GO TO 118

URITE (641028}

CONTINUE

READ WATER LEVELS FROM DISC.

IF CIYR LT 197D AND+MODEL ¢EQel) IGAGE(2)=14099
IF C(IYRLTS19T1.ANDMODELEG.3) IGAGE(]I3=14081
IF (IYRWGEe1FT7T04ANDMODEL «+EGQGa1) ADJ(2)==018

1F (IYR.LT.1971.AND.MODEL.EQ.37 ADJ{1)==.0%

IF (IYRLTa1964,ANDMODELEGQ3) Bl=,0252

JJJ=3

IF (NK2.GTe0) JJJ=4

DO 2005 dJdJd=1sddd

Iw = 1
It = IGAGE (JJ)/100L4
IGAG = IGAGE (JJ} =IC*10000

CALL GAGEIOC IWeICsIGAG +MONeIYReIB+IT+IDA+IDB+IDCeIER)

FIGURE A-44_--Continued.
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5000

4000

4005
4010

6000

6005

6010

2000
2005

233

168

165

169

2500

170

IF{ IER) 6045000460

CONTINUE

KK = 1

DO 2000 J=ISTARTLIEND

ICODE = IGAG

DO 4000 I=1e¢2%

FLAG MISSING DATA.

IFC THOURCIoKK)Y) 4005400544000
IPARCISET (JJ )9 KK) = IBLANK

GO TO 4010

IPARCISET(JJY oKK) = 1AST
CONTINUE

MSIJSISET(JUI) = 0.0

IF( MEAN(KK) } 6000.6000~6005
WSCJHISET(JJY)Y = OLDCJJ)
IPARCISET(JJYeKK) = IGES

GO TO 6018

CONTINUE
HS(JeISETC(JUII=C(MEANCKK) o I B
CONTINUE

OLDCJJ)Y = WSH(JISET(IJ))

KK = KK+1

CONTINUE

READ WIND CARDS.

}/100+0 +ADJ{JJY

CALL NODAYS( IYR¢MONs14NOM4NDYJD)

IF CIFIRST) 2500425004233
IF (IWINDLEQ«C) GO TO 23

IF CIYReEG21977a0RIYR4EG1978) GO TO 165
READ (5.1016) (UN{JYs ALPH(J)9J=2413)
READ (591816 (UW{J)e ALPH(J)sJ=14+25)
READ (5¢1016) (UMLJ)+ALPHLJ) 4J=264+32)

DO 168 J-2.32
ALPH{JY=ALPH(J)*10.

GO TO 23

IF (IYRLEQe1978) NDY=NDY+365
J2=NDY

DO 169 J=2+32

Uk (JI=UND(J2)

ALPHCJ) =ALPHD U J2)

J2=J2+1

CONTINUE

GO TO 23

CONT INUE

IF ¢IWIND.EG D) GO TO 107

IF (IYREQW19770R«IYRWEGRYFTBY G0 TO 170
READ (S¢1016) (UM{J)4ALPH(J) »d=1342%)
READ (541816) (UM(J)sALPH(J}9J=25+36)
READ (5+1036) (UW(JIsALPH{J)+J=37+43)

DO 9 J=13443
ALPH{J)=ALPH{J) 10,

GO TO 107

IF (IYREQeI9T8) NDY=NDY+3E5
J2=NDY

DO 172 J=13+43

UM (J)=UWD(J2)
ALPHUJY=ALPHD(J2)

FIGURE A-44_--Continued.
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172
107

Chuten

20
Chriox

11

12

13

14

15

16

17

i8

23

21

19

J2=J2+1

CONTINUE

DO 8 I=1e12

UNCIDI=UN1 D)

ALPHIIXY=ALPH(13)
WSCIs1)=WS{1391)

WS {I+NUR)=WS(13,NUR)
WSC(IsNURR)=NS(134NURR)
WS(I+NMR)=MWS (13sN™R)
DT=ANC+*35600.

INITIALIZE MATRI X 'SR 2222223232 X123l 2222 XS R R ARt asls il
DO 20 1 = 1e¢NVAR

DO 20 J = 1+NVAR

XMTRX (€Isd) = O.

DEFINE CONSTANT CHANNEL PARAHETERS T ARRNRRANRIA A RN RN AR kA ko hw
COMPUTE INITIAL CONDITIONS
XSuM=0.,

DO 11 I=1¢4NRM

ASUM=XSUM+X(])
SLOPE=(WS {14 NMR)=WS(1+1))/XSUM
NRR=NRM-1

00 12 I=1s4NRR

Jz=1+1

WS E1yJI=HSELoI)+SLOPEXX(]I?
WS(24J)=W5(10d)

DO 13 I=1¢NMR

JAACII= ABASCIX+ATLII»(WS(1eID)=DATUCIN)

CONTINUE

DO 14 IJK=1¢NMR

JJ=IJKe1
ACTUKI=CAACIUKYI®AACUYYY/2,
TCIVKISCATCIJKYSATC(JISIDI /2,
AZMUTJUKIZ(AZCTIJKYI+AZCJUIY /2,
RCTJKIZACTIJUKI/Z/T(TIJK)
CONTINUE

00 17 T=1eNRM

IFCI=-NRAN) 1541516
ANCI)=AL+US(Me1)+B1

60 TO 17

ANCI)= A2+¢WUS{(MsNMR)+B2

CONTINUE

Gl1le1) T14486%A (LI *RE1I*#(2a/ 3 ) #(WS(142)=WS(1lel))nrwS/ANLY)

17XC1)a#n,5

00 18 I=2.NMR
A(2412=001,41)
QRC1lesI)=Q(1e1)
KB=48

M=1

CONTINUE

N = M+1

LL=1

CONTINUE

00 19 I=1eNRM
ID=1

Iu=I+1
QACI)=TH/ 22 (BINsIDI*QINGTUI)+THL1/2av{Q{MeID)+Q{MsIUY)
UCIY=ABS(QAC(I))

FIGURE A-44_--Continued.
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OO0 7 1z14NRM
IF(I~-NRAN) S, Ss 6

5 ANCIITAL+WS{Ms1)+B1

GOTO 7

6 ANCI)= A2#WS (MyNMR)+B2
7 CONTINUE
Cewes COMPUTE AREAS AND HYDRAULIC RADIUS — * ##asswsadantsdsdnnaretadent

DO 24 I=14NMR
AAACI)= ABASCII+AT(II*«(TH2WSI(NsI)+THI+*WS(MyI) =DATU(I))

24 CONTINUE

DO 22 TIJK=1e¢NMR

JU=TJK+1i
ACTUKI=(AACTJKIHAALIID) /2.
TOIJKI=C(ATLIJKI+AT(JJDI) /2
AZMETJUK)I=CAZCTIJKY+AZIJUIDN/ 2.
REIJKI=ACTIUKI/T(IJK)

22 CONTINUE

NR=NRM=+2

CONTINUITY EQUATIONS

NRD=NR-1

DO 26 I=1«NRDe2

1I=1/72+1

ID=I1

IusID+}
BYVECTCI)==C((NS(NgID)*NS(NgIUI=WS{MeID)=WS(MeIUII/(24*DTI+(TH+*(RINy
110) =GC(NeTUY)+TH1*CQA(MoIDI=QIMoIUIII/A(TL(III*X{ITI))
XMTRXCI o I)=TH/C(TCII)*X(IT))
XMTRX(Ie1+2)==XMTRXA(I 1)

IFCI _.GT. 1) GO TO 25

XMTRXC(192)=1e/7(2*07)

GO TO 26

25 XMTRX(I¢I=1)=14/7(2.+DT)

26

XMTRX(IoI+1)=1./7(2*DT)

IF(I ©® EQ.NRD) XMTRX(IsI+1)=XMYRX(IyI+2)

IEF CI«EQ@«NRD) XMTRX(I9I+2)=1,

CONTINUE

NOMENTOM EQUATIONS

00 27 I=24NR2

Ti=XI/2

1D=I1

Iu=IbD+1
0241=-GA(II)-T(II)*(HS(NgIU)*US(Nylﬂl-HS(HqIU)-HS(HoID))I(Z.tDT*A(I
1I1)ex2,)%2.

ZE1=(OCNeIDI+Q (NG IUI-Q(MsIDI=QIMyTIU)) /(24 *DT2A(II))
211=32-2tAN(II)ttZ.tQAtII)tU(II)I(2-2082*A(II)**2.*R(II)**(Q.13.))
221532420 (THH(USINIDI=WSINgIUI) «THIX(USIMoID)I=NS(MsIUDII/NLI])
231s=C(QACTII) 222, # (AACID)=AACIUII/CACTII) #o3#X(]II)))
UWL1=UNCEMI2COSC 017453 #(AZMIM)=ALPH(M)I I I +ABSLUNIMI*COS(201T7453>
1CAZMIM)I=ALPH(M))))*2,.,]152

UN2=UY (NI *COSCL0L7TASS{AZMIN) ~ALPHIN) ) ) #ABS{UMIN) #COS{ 4017453«
1(AZRIN)-ALPH(N))))*2,152

UR=(UN1+UN2) /2.
YVECT(II==(Z114221+231+241+261)+1.500E~6+UR*T(IDI/A(ID)
OXMTRX(TeI) 2w (3242=QAC TI)w w2 #TCIID/CACTI)Y#3.) )}/ XAIT)*TH=-QALTII)
1+TCIIX/COT2ALIT)*2,)

IFCI LT« 4 ) GO TO 29
OXMTRX (T 9I=2)= (32¢2=-QACII) a2 *T(II}/CA(ILI}*x3,3)/XC(II1)*TH=QA(TID)

FIGURE A-44_--Continued.
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I=2T(IIY/(DTRACIT)=n2,)

29

ZZZ1=ABSC(RALIIN)

OPI=32¢24ANCTI I 22247771 +TH/ (22082 vACTI T} o224+ R(III*w{44/32))~QAL]I]
D FA(TIYnn3 o0t AACID)Y=AALTVL) )
2*TH/XCTI)=THATL(ITI) #(WSINeIDI+USINg I ~WS(MeID)=WS( My IUII/ (2*DT>
SACIIY»n2,)

27
Cannw

203

204
201

258

259

260

265

266

50

151

53

XMTRX (IS I=1)=1e/(2%A(11)2DT)+P1
XMTRXCI+I41)=XMTRX{I41I=1)

IFCI o¢EQQe NR)Y XMTRX{Is1)=XMTRX(IsI+1)

IF (I<EQ4NR)} XMIRX(I4I+1)=C,

CONTINUE

PRINT OUT MATRIX TS TETRZSZEET RS R R R S R A SRS ANESERSS RS SRR RS2 2 2 8 22
DO 201 NN=1asNVAR

DO 201 J-1.5

1=J+NN-3

IF(IY20342034204

BMTRX(NNsJI=(.

GO TO 201

BMTRX(NNs JIZXMTRX(NNsI)

CONTINUE

CALL LEGQTIB(BMTRX4NVAR+$Z2+2¢1604YVECTels 160 +%s XLeIER)
NNR=NR+1

DO 260 I=1sNNR,2

I1=1/72+1

IF(II=NMR) 25942584259

R (N+NMR)I=Q (N4yNMR) +YVECT(NR)

Ch TO 260
QINsTII=QINsII)«YVECT(I)

CONTINUE

NNR=NR~2

DO 265 I=2¢NNRs2

IIz)/2+1
WSCN+TID=UWSINSTIII+YVECT(I)
CONTINUE

LL=tLL+1

LY=5

00 266 I=2sNNRs2
YVE=ABS(YVECT(I})

IF(YVE _.GT. <002 LV=1
CONTINUE

IF(LV=5)2145045C

CONTINUE

JB=N+1

IF (WS{NyNUR) +LTa504) WSI(NeNURI=WS(NyNK1)-.0000001
IF €NK2.LTel) GO TO 151

IF (NS{(NeNURR) L. Te50a) WS(NJNURR)IZWS(NyNK2)~.00600"1
DEVI=WS (NeNK1)=WSI{NsNUR)

IF(NK2.GT.0) DEV2=WS{NsNK2)~WS{NsNURR)

MM=MM+1

NM=MM=KK?Z

IFINMIST 457453

CONVERT ENGLISH TO METRIC.
IF (METRIC.EQesB) GO TO 54

FIGURE A-44_--Continued.
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CONVI=WS(Ns1)/3.28083
CONV2=WS(NeNK1?/3.28083
IF(NK2+GTa0) CONVI=WS (NyNK2)/3.28083
CONVAZWS (N NMR)/3.28083
CONVS=Q(N.1)+,02832
CONVE=A{NsL)*x.02832
CONVT=Q (NoNMR) *. 02832
CONVB=WS(NsyNUR) /228083
CONV9=CONVZ~CONVH
CONVIO=WS (NyNURR)/3,28883
CONV11=CONVY3-CONV10
CONV12=UW(N)*1.60935

o

PRINT OUTPUT.

IF  TMODEL.EQ.2) GO TO 153
URITE (641045) NMyMONSCONVIoIPARCLyNM) o CONV2+CONVE4CONVE,y
1TPARCISET(2) +NM)sCONVS ¢CONVEsCONIVT L CONVESTIPARCISET (3o NAT o SO VS
SCONVID«TIPARCISET(4) ¢ NMICONVI1oCONVI2 9 ALPHIN)
GO TO 55
153 URITE (651086) NMyMON9CONV14IPARC1oNM) s CONV24CONV Sy
1IPARCISET(2) ¢NM) s CONVS5sCONVEsCONVT 9 CONVAsIPARCISET(3)9NM) s CONVI,y
2CONV124ALPH(N)
GO TO 55
54 IF (MODELEG«2) GO TO 154
URITE (691045) NMyMONsWS(Noi) g IPARC1I4NMIoWSINsNKI) sWS(NsINK2),
IWSENeNMR) y IPARCISETE2YoNMI 9 QUNoL1) oQ(NoL)eQ@(NsNMR) s WS(NsNUR) »
JYPARCISET(3) ¢NMIoDEVI ¢ WS(NsNURRY sIPARCISET (4o NM) o DEV24+UWI(ND»
3ALPH (N}
GO TO 55
154 URITE (6.1046) NMeMON¢WS(Ng1)oIPARCLIoNM)IoWS(NyNK1) sWS(NsNMRY,
LIPARCISETC2) yNMY9Q@ENe1)3sQCNeL Y oG (NyNMR) sWS(NsNUR} s IPARCISET (3 ) o NM)
2eDEVIeUW(N)g ALPH(N)

C COMPUTE MEAN VALUES.

55 SUM(1)= SUM(1)+WS(Ne¢l1)
SUM(2)= SUM(2)+WS(NsNK1)
IF(NK2_.GT.D) SUMC3I)I=SUM(3)I+US(NeNK2)
SUMC4)=SUM(& )+ WS{NsNMR)
SUMISI=SUM(S5)+Q{Ns1)}
SUM(B)I=SUM(B) +Q(NsL)
SUM{T7)=SUMLTI+Q (NsNMR)
SUMEBI=SUMIB)I+WS{Ny NUR)
SUM(S)Y=SUM(S)+DEV]
SUMCINI=SUMEI0Y+WS(NgNURR)
SUM(11)=SUMC11)+DEV2

57 DO 58 I=1sNMR

58 QEJUBeI)=2e2Q(NeI)}=0(Ms])

DO 51 I=2e«NRM

51 WS{(JBeI)=24#WHS(NyII=WS({MsI)
Mz=M+1
IF( M=KB) 233342333459

2333 CONTINUE

C DAILY RETURN LOOP.
IF¢C NM-NOM) 23+¢59+59
59 CONTINUE

FIGURE A-44_.--Continued.
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(@]

52
65

66

67 WRITE €641061) AVE (1) yAVE(2)9AVEC4 ) sAVE(D) o AVELE) 9 AVE(T)+AVELR) »

68
5100
5150

3100
3200

69

63

64

2150

2100
2200
2390

DO 65 I=1e411
AVE(II=SUMC(I)/NH
IF (METRICeEQe0) GO TO 66

CONVERT WEANS TO METRIC
AVE(I)=AVE(1}/3.28083
AVE(2)=AVE(2)/3.28083
AVE(3)=AVE(31}/3.28083
AVE(4)=AVE(4)/3.28083
AVE(SISAVE(S5)*.02832
AVE(G)ZAVE(6 )= ,D2832
AVEC(TI=AVE(T)*,02832
AVEC(B)=AVE(8)/3.28083
AVE(Q)I=AVE(2)=AVE(SB)
AVE(10)=AVE(10)/3.28083
AVECT1)=AVEC(I)=AVE(LID)

PRINT MEAN VALUES.

IF tMODEL.EQ.2) GO TO 67

WRITE (6410603 (AVE(I)eI=1+11)
GO TO kK8

1IAVE(9)

IF(IYR=IYRB) 515045100460
IF (MON=MONB)S5150+60+60
CONTINUE
IF(MON=12)3200,3100+3100
IYR=IYR+1

CONTINUE

DO 69 I=1412

SUMCI)=0,

DO 63 I=1¢NMR
WS(141)2NSIMe]
Ql141)=Q(MsT1)
B(2¢1)=Q(JBs 1)

DO 64 I=24NRM
WS(2413=HS(JBsI)

UPDATE MONTH AND YEAR

MON = MON+1

IF( NON-131 21001 215042150
MON=1

CHECK TO SEE IF ANY MORE DATA SHOULD BE
IF( JYR=-IYRB)2300+42200460

IF( MON=MONB) 2300.2300460
CONTINUE

MM=0

KKZ=0

M =1

KB=36

ISTART = 2

IEND = 32

IFIRSY = 1

MONTHLY RETURN LOOP.
GO TO 2800

FIGURE A-44_--Continued.
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C NEU PARAMETERS OR END PROGRAM LOOP.

65 GO TO 1
C PROGRAM ENDS FPOM EOF 1IN LABEL NO. 1-
70 STOP
Caxax FORMAT STATEMENTS kAR R R AR AR R AR AR R R A AR T AN RN R s Ak b kit ww (501

1001 FORMAT (715>

1016 FORMAT (28Xe12(FlaleF2.0)2

1017 FORMAT (Fé&.1)

1018 FORMAT (F4.07:

1020 FORMAT(/77/785X4#STe CLAIR RIVER TRANSIENT MODEL#e//745TXe1547/)

1021 FORMAT (36XsFS5«lelXez#HOUR TIME INCREMENTSZ2911X 9139 1Xe2REACHES#4/7)

1025 FORMAT (19Xa2MEAS a7 98X gZCOMP o2 ¢3X o 2C0MP o429 TXe 2 MEASa#9SEXe#COMP oy
14X9¥C0HP.#94XQ¢COHPQ¢93X!¥HEAS-#’4X|$(C-H)¢§3XQ#HEASa#'2X'¢(C-H)¢Q
2IXe2WINDZsIX o 2WINDE)

1125 FORMAT (21X1#DD#QSX!#HBR#c6X!¢DP#!6X|¢FG$07X!¢DD¢Q7X|tHBR#OGX!#FG#
1o6X 9 ZMBRZGEX ¢ #MBR29EX 9 Z0P 295X e #DP# 94X ¢ 2VEL e #e3X9#DIR#)

1526 FORMAT (8X'¥DAY¢12X'#HON#03X§¥LEVEL¢!4X1#LEVEL$'3X!#LEVEL$15X!
1#LEVEL? 9SX o2 FLOWZ ¢S5 X9 #FLOWZ ¢ SX 9 ZFLOWZA g A X9 2CHECK#Z 9o SX9#DEV1IZ 93X
ZECHECKZ s 3N ¢ 2 DEV2 248X e #MPHE 42X 0 2DEG e #0/)

1028 FORMAT (BX«Z20AYZ2 42X a2MONZ oI X0 #LEVEL 2o 4 X s2LEVELZ2e3X+ZLEVEL#93X»
IiLEVELfvsxy#FLOU#,SXv#FLOH#’ﬁXv#FLOH?’4X1¢CHECK¥§5XQtDEV1#Q3Xv
22CHECKZ 93X o2 DEVZZ 04X o 2KMHZ ¢ IX 9 2DEG e 29 /)

1045 FORMAT (6Xe2(2XsI13) 92 XeFE e20Ala3(2XoFEa2)sAleT(2XoFTuD)e2XeFEely
1AT 02(2X9F6a2) s Al9F6 a2 93 XeFh4aleIXeFa.0)

1046 FORMAT (16Xe2(2XeI3) 42X e F6e2aAl 2N oFEa2e2XoFtal2ahla3{2XsFT7a0)g2Xy
IFEa2eAl 92X eFE a293XaFdeleIXsFie0)

1060 FORMAT (/ aBXeZ2AVEZ e TXaFE a2 3N eFE .22 2 X oF642) 92 XsFTe092(2XsFTali)y
12X sF6e291Xa2(2XeFEa2)9lXsF6Ee?2)

1061 FORMAT (/918X!¢AVE¢17X9F6-293X|F6-212¥!F6-2!1x;3(2xif7u0)12X!F6.2|
13X'F6.2)

1225 FORMAT (29Xv1MEASQ#$4X!#COMP.#!3X!¢HEAS:¥’5X’#COMP.#Q“XQ#COHP.#1
I4X g ZCOMP o Z 9 EX 9 ZMEAS 42 3 EX o ZLC~MIZ oI o2 WINDZ 92X o #WIND#)

1226 FORMAT (X30Xe2DDZ2s7TXoZMBRE¢SXeZ20P#48Xe#D0#2aTXe#MBRZEX9#0P# 46Xy
1+MBRZ2¢ TXe ZMBR 94X 2VEL o249 3Xs#DIR S #)

1227 FORMAT (18XsZDAYZ2e2X o #MONZ oSN e 2LEVELE a4 Xe#LEVEL 293X e #LEVEL#45 Xy
12FLOWZeSX o 2FLOWA ¢S X ¢ 2FLONE 94X g 2LEVELZ9SXe #DEVI#94X e 2MPH29IX e #DEGH #
2¢/)

1228 FORMAT (18XyZ2DAYZ 92Xy 2MONZ 43X o 2LEVELZ o X9 #LEVEL 29 IXNe#LEVELZ 45X
12FLONZeSN s 2FLOWA oS X9 #FLONZ 94X e ZLEVEL 295X e 2 DEVI 244X o #KMHZ 93X +2DEG #
Re /)

1326 FORMAT (21Xe#SCHeTXeZMVZ9EXe2DDZ2+SX 92 MBR#«TX92SC#eBX2v#DD#26Xy #MBRE
106X e 2MYZ 9 TX 9 ZMVZ 96X o 72DD245X 0 2D02 e84 X 92VELa#93X9#0IR %)

3’00 FORMAT(1H})

3010 FORMAT (//7426X¢#STe CLAIR RIVER TRANSIENT MODEL#+/+436Xe#BASIC DAT
1A#)

3020 FORMAT (/923’!#STATION¢05X'#ABASF$05X!#DATUM#;SXD#UIDTH#;/)

3028 FORMAT (#+#4£2X42S5STe CLAIRZ)D

3029 FORMAT (#2+2¢62X¢#MARYSVILLE#)

3030 FORMAT (20XeF10a0aF10.04F1042 4F10.0)

3031 FORMAT (#+#+62Xs#DRY DOCK #)

3NE3 FORMAT (#£+7+62X«2M0UTH BLACK RIVERZ)

31733 FORMAT (#+24£2X+2DUNN PARPERZ)

3034 FORMAT (#+#452Xe#2FORT GRATIOTZ)

3035 FORMAT (/77+12X«#200MNSTREAM ROUGHNESS~” N =Z29FFaTa? o STAZ9FTals# +
1#£+4FBeD)

3435 FORMAT (14Xe2UPSTREAM ROUGHNESSH N =29F9aTe? o STA2eFTule# +#4FBa
15)

END

FI GURE A-44.--Continued
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